We calculate the supersymmetric O(α s ) QCD corrections to the decaysq i → q ′χ±
Introduction
In supersymmetry (SUSY) [1] every quark has two scalar partners, the squarksq L andq R . Quite generally,q L andq R mix giving the mass eigenstatesq 1 andq 2 (with mq 1 < mq 2 ). Whereas the mixing can be neglected for the partners of the light quarks, it can be important for the third generation due to the Yukawa coupling which is proportional to m t or m b [2] .
In the case that the gluino is heavier than the squarks, the squarks have the decay modes q 1,2 → q ′χ± j (j = 1, 2), andq 1,2 → qχ 0 k (k = 1, . . . 4), whereχ ± j andχ 0 k denote the charginos and neutralinos, respectively. These decays were discussed so far only on the basis of treelevel calculations, for the partners of the light quarks in ref. [3] and with inclusion of the third generation (t i ,b i , i = 1, 2) in ref. [4] . A detailed study of thet i andb i decays can be found in [5, 6] .
Here we calculate the O(α s ) QCD corrections (including the exchange of SUSY particles) to these decays within the Minimal Supersymmetric Standard Model (MSSM). In particular, we do not neglect the masses of quarks and take into accountq L -q R mixing, so that the formulae are also applicable to the decayst i → bχ . We work in the on-shell renormalization scheme. For the renormalization of the squark mixing angle we use the scheme introduced in [7] , where we applied it to the case of e + e − →q iq * j . We also give a numerical analysis of the QCD corrections to the decayst i → bχ For the decays of a squark into a light quark (m q = 0) and a photino the SUSY-QCD corrections were already calculated in [8] . The QCD corrections to the decay t →t iχ 0 k have been computed very recently within the MSSM in ref. [9] . The SUSY-QCD corrections to the strong decaysq → qg were calculated in ref. [10] .
Tree level formulae
The squarksq L andq R are related to the mass eigenstatesq 1 andq 2 by:
1 Their interaction with charginosχ ± j (j = 1, 2) and neutralinosχ [5] :
k denote the four-component spinors of the corresponding particles. The respective decay widths at tree level are
j couplings ℓq ij and kq ij are
with
Theq i -q-χ 0 k couplings aq ik and bq ik are given by
and . U ij and V ij are the 2 × 2 unitary matrices diagonalizing the charged gaugino-higgsino mass matrix [1, 12] . Assuming CP conservation, we choose a phase convention in which N ij , U ij , and V ij are real. Y f denotes the Yukawa coupling,
SUSY-QCD corrections
The O(α s ) SUSY-QCD corrected decay width can be decomposed in the following way:
The superscript v denotes the vertex correction (Figs. 1b, c) , w the wave function correction (Figs. 1d-h) , and c the shift from the bare to the on-shell couplings. δΓ g,real is the correction due to real gluon emission (Figs. 1i, 1j ) which has to be included in order to achieve infrared finiteness. According to eq. (3) δΓ (a) (a = v, w, c) can be written as
(2 ℓq ij δℓq
with X as defined in eq. (5). An analogous expression holds for δΓ
ik , and δkq
ij , etc. get contributions from gluon exchange, gluino exchange, and the four-squark interaction. As we will see, in the renormalization scheme used the four-squark interaction contribution turns out to be zero.
In what follows we will take the squark decays into charginos as example. For the decays q i → qχ 0 k one has to make the replacements just mentioned before.
Vertex corrections
The gluonic vertex correction (Fig. 1b) yields
B 0 , C 0 , C 1 , and C 2 are the standard two-and three-point functions [13] . In this case,
, where we follow the conventions of [14] . As usually, we introduce a gluon mass λ for the regularization of infrared divergencies.
The contribution to the vertex correction due to the graph shown in Fig. 1c with a gluino and a squarkq ′ n (n = 1, 2) in the loop is:
Wave-function correction
The wave-function correction is given by
are the quark wave-function renormalization constants due to gluon exchange (Fig. 1d) ,
, and due to gluino exchange ( Fig. 1e) ,
where
). The parameter r in eq. (22) and eq. (32) exhibits the dependence on the regularization. As r does not cancel in the final result we have to use the dimensional reduction scheme [15] (r = 0) which preserves supersymmetry at least at one-loop order.
The squark wave-function renormalization constantsZ in stem from gluon, gluino, and squark loops according to Figs. 1f -1h . They are given by:
The squark self-energy contribution due to gluon exchange
and that due to gluino exchange (Fig. 1g) iṡ
The four-squark interaction (Fig. 1h) gives
where A 0 (p 2 ) is the standard one-point function in the convention of [14] . Note that Σ
is independent of p 2 and hence Σ
ii ′ .
Renormalization of the bare couplings
In order to make the shift from the bare to the on-shell couplings it is necessary to renormalize the quark mass as well as the squark mixing angle:
where Sqδθq = δ Rq = − sin θq cos θq − cos θq − sin θq δθq. 
and the gluino contribution is
For the renormalization of the squark mixing angle we use the scheme introduced in [7] : With this choice of δθq the squark contribution to the correction is zero: δΓ (w,q) + δΓ (c,q) = 0.
Moreover, the off-diagonal contribution (i = h) of Fig. 1g vanishes in this scheme. We checked analytically that the resulting SUSY-QCD corrected decay width is ultraviolet finite.
Real gluon emission
The O(α s ) contribution from real gluon emission, as shown in Figs. 1i and 1j , gives the decay
where 
Numerical results and discussion
We now turn to the numerical analysis of the O(α s ) SUSY-QCD corrected decay widths. As examples we consider the decayst 1 → bχ The cos θt dependence is shown in Fig. 3 where we plot the O(α s ) corrected decay widths (solid lines) together with the tree-level widths (dashed lines) as a function of cos θt for mt 1 = 150
GeV and the other parameters as given above. The widths show the characteristic dependence on the stop mixing angle: Ift 1 ∼t R (cos θt ∼ 0) it strongly couples to the higgsino component ofχ + 1 , whereas fort 1 ∼t L (cos θt ∼ ±1) it strongly couples to the gaugino component. Again, a striking effect can be seen for |µ| ≪ M. However, also for M ≪ |µ| and M ∼ |µ| the correction can be larger then 10%, especially if the tree-level decay width is very small.
We have also studied the dependence on the masses and the mixing angle of the exchanged sbottom (Fig. 1c) . In the cases studied these effects turn out to be small. The dependence on the gluino mass is more complex: On the one hand, the gluino mass enters in the propagator of the graphs in Figs. 1c, 1e , and 1g. On the other hand, the mass and the couplings ofχ
in the final state also depend on mg via the relation M ∼ 0.3 mg. However, if one relaxes this relation keeping M fixed and varying mg the correction increases with the gluino mass. This has also been noticed in refs. [8, 9] .
For the decay oft 1 into tχ 
